The innovation value chain (IVC) divides the innovation process into three separate links or activities: knowledge gathering, knowledge transformation and knowledge exploitation. Here, we report a comparative panel data analysis of the IVC in Ireland and Switzerland. Both economies are small, very open and depend significantly on innovation to maintain competitive advantage. In recent years, however, R&D and innovation growth in Ireland has been markedly stronger than that in Switzerland. We investigate these differences through the ‗lens' of the IVC. We identify significant similarities between the determinants of firms' knowledge gathering behaviours in each country although firms are responding differently to financial and legal constraints. Strong complementarities emerge between external knowledge sources and between firms' internal and external knowledge. In terms of knowledge transformationthe development of new products or processeswe again find strong similarities between the two countries in terms of the determinants of the probability of innovation. The determinants of innovation intensity vary more, however, with external ownership significantly more important in Ireland. Finally, we consider the link between innovation and productivity which involves significant endogeneity issues. Two-stage estimation procedures do not suggest any significant links between innovation and productivity as we might expect from the macro-economic evidence.
From Knowledge to Added Value: A comparative, panel-data analysis of the Innovation Value Chain in Irish and Swiss Manufacturing Firms

Introduction
For small open economies such as Ireland and Switzerland, without significant natural resource endowments, innovation is an important element of sustained international competitiveness (Guellec and van Pottelsberghe 2004) . This is perhaps most obvious in manufacturing products where Europe's high-cost producers compete in increasingly globalised markets. Innovation itself, howeverthe introduction of a new product or processis only part of a wider process through which firms gather or create knowledge, translate that knowledge into specific market offerings, and then seek to exploit these products or process in the market 1 . Here, we are interested in modelling this innovation value chain (IVC) in Ireland and Switzerland, beginning with firms' attempts to assemble the bundle of different types of knowledge necessary for innovation (Hansen and Birkinshaw 2007; Roper, Love, and Du 2008) . This may involve firms' in-house R&D activities alongside, and either complementing or substituting for, external knowledge sources (Pittaway et al. 2004 ) 2 . Following firms' knowledge sourcing activity, the next link in the innovation value chain is the transformation of knowledge into physical innovationsnew products or processes.
This we model using the standard innovation production function approach (Geroski 1990; Love and Roper 1999) which relates innovation outputs (i.e. new products or processes) to knowledge inputs. In the spirit of models of open innovation, however, we allow firms' innovation outputs to reflect both internally-generated knowledgethe result of in-house R&D -and different types of knowledge sourced from external partners. The final link in the IVC relates to the exploitation of firms' innovations, i.e. the generation of added value. This we model using an innovation augmented production function (Geroski, Machin, and Van Reenen 1993) .
Our empirical comparison relates to Ireland and Switzerland which despite common international trading environments have demonstrated very different economic growth 1 Other firms may then benefit of course as knowledge or productivity spill-overs may also then lead to improvements in the performance of other co-related or co-located firms (Klette, Moen, and Griliches 2000; Beugelsdijck and Cornet 2001) . 2 Cassiman and Veugelers (2002) , for example, find evidence of a complementary relationship between firms' internal R&D and firms' ability to benefit from external knowledge sources. Other studies, however, have identified a substitute relationship between internal knowledge investments and external knowledge sourcing. Schmidt (2005, p. 14) , for example, notes that for Germany ‗firms with higher R&D intensities have a lower demand for external knowledge than firms with lower R&D intensities. The more R&D is done in-house the more knowledge is generated internally, and the less external knowledge is required'. rates and innovation performance over recent years 3 . The Republic of Irelandthe so called ‗Celtic Tiger'achieved economic growth rates averaging around 9.7 per cent between 1995 and 2004 (Northern Ireland 3.0 per cent) compared to an average of 1.4 per cent GDP growth in Switzerland 4 . Similarly, export growth averaged 9.9 per cent pa in the Republic of Ireland over the same period compared to an average of 1.9 per cent in Switzerland between 1995 and 2004. Conversely, over the period covered by our study (1994 to 2005) business R&D spending in Switzerland increased steadily reaching 2.1 per cent of GDP in 2004, with public R&D spending accounting for about 0.8 per cent of GDP. In the Republic of Ireland, R&D spending accounted for 1.25 per cent of GDP in 2004 (1.48 per cent of GNP) with public R&D spending accounting for around 0.55 per cent of GDP (see Table 1 ) 5 .
A priori these contrasts in economic and R&D performance suggest that we might anticipate stronger innovation impacts on economic performance in Ireland than in Switzerland. Or, in terms of the IVC model, that we would anticipate stronger linkages between knowledge gathering, transformation and exploitation in Ireland.
We begin in Section 2 by outlining our view of the innovation value chain and relate this to other theories of the firm. Section 3 describes our application of the innovation value chain model to data for manufacturing firms in Switzerland and Ireland. Section 4 reports the main empirical findings and Section 5 concludes with a brief review of the key empirical results and the policy and strategy implications.
Conceptual Foundations
Our focus here is the process through which firms' source, transform and exploit new and potentially pre-existingknowledge through innovation in the Swiss and Irish economies. At a fundamental level, this process can be seen as part of a broader evolutionary (Lamarkian) dynamic in which product and process technologies are steadily refined -and occasionally transformedand in which firms upgrade their innovation capabilities through organisational learning (Nelson and Winter 1982) . We interpret the innovation process as potentially ‗open', however, emphasising the importance of the national innovation system within which firms are operating, and the potential benefits of operating in an environment where there exist rich external 3 Here we use the term Republic of Ireland to refer to the Irish nation state and Ireland to refer to the whole island of Ireland including both the Republic of Ireland and the UK region of Northern Ireland. 4 For the Swiss data see KOF-Analysen (2007) . 5 knowledge sources and extensive networking opportunities (Edquist 2004; Nelson 1993; Edquist and Hommen 2008) .
Within this perspective, the first link in the innovation value chain is firms' knowledge sourcing activity, and here we focus, in particular, on the factors which shape firms' engagement with alternative knowledge sources. More specifically, we identify five different types of knowledge sourcing activity which might shape firms' innovation: in-house R&D (Shelanski and Klein 1995) ; forward linkages to customers (Joshi and Sharma 2004; Love and Mansury 2007) ; backward links to either suppliers or external consultants (Horn 2005; Smith and Tranfield 2005) ; horizontal linkages to either competitors or through joint ventures (Hemphill 2003; Link, Paton, and Siegel 2005) ; and, linkages to universities or other public research centres (Del Barrio-Castro and Garcia-Quevedo 2005). We then allow for potential complementarities or substitute relationships between knowledge derived from different sources (Veugelers and Cassiman 1999; Love and Roper 2004) . Complementarities may arise, for example, between knowledge sources due to firms' improved scanning ability for external knowledge, the ability to substitute effectively internally generated for externally sourced knowledge or vice-versa, or enhanced absorptive capacity (Cohen and Levithal, 1989) . Other studies, however, have identified a substitute relationship between internal knowledge investments and external knowledge sourcing. Schmidt (2005, p. 14) for example, notes that for Germany ‗firms with higher R&D intensities have a lower demand for external knowledge than firms with lower R&D intensities.
The more R&D is done in-house the more knowledge is generated internally, and the less external knowledge is required' (see also Love and Roper, 2001) . In what follows we begin from this latter position, anticipating that firms with larger in-house knowledge resources are less likely to need to engage in external knowledge sourcing (Schmidt 2005) . We summarise the probability that firms will engage in each of the five knowledge sourcing activities as follows:
(i: 1,…N; firm; j, k: 1,…5; sourcing activity; j≠k; t= 1,…T)
Where KS jit stands for the i th firm's knowledge sourcing activity j (or k) at time t. The error term ε jit is assumed to follow a multivariate normal distribution with mean zero and variance-covariance matrix V, where V has values of 1 on the leading diagonal and ρ jk =ρ kj for j≠k. For any j, KS kit represents each firm's other knowledge sourcing activities. If β is positive this would suggest a complementary relationship between firms' knowledge sourcing activities; negative β would suggest a substitute relationship. RI jit is a set of indicators of firms' knowledge resources and, as indicated earlier, we expect γ 0 to be negative. GOVT jit reflect access to government support for innovation and upgrading and in the light of general evidence on the additionality of government innovation support anticipate that γ 1 will be positive (Buiseret, Cameron, and Georgiou 1995; Falk 2004; Luukkonen 2000; OECD 2006 ).
The second link in the innovation value chain is the process of knowledge transformation, in which knowledge sourced by the enterprise is translated into innovation outputs. This is modelled using an innovation or knowledge production function in which the effectiveness of firms' knowledge transformation activities is influenced by firms' own knowledge resources (Griliches 1992; Love and Roper 1999) . In terms of innovation outputs, we follow the suggestion of Pittaway et al.
(2004) who emphasise the importance of examining both product and process innovation, and we anticipate that knowledge from different sources may have differential product and process effects. Joshi and Sharma (2004) , for example, suggest the importance of knowledge of customers' preferences in shaping firms' innovation success, while emphasise the greater value of backwards and public knowledge linkages for process change. This suggests the possibility of different routes through which knowledge of different types might influence different aspects of firms' innovation activity and hence business performance. In general terms we write the innovation production function as:
Where INNO it is an innovation output indicator, k=1,…,5, indicate the alternative knowledge sources identified earlier, u it is the error term and other variable definitions are as above. In the innovation production function, we have different sign expectations for some of the independent variables from that in the knowledge sourcing equations. In particular, where firms' internal knowledge resources are strong we would expect this to contribute positively to the efficiency with which firms develop new innovations but to discourage knowledge sourcing (Crepon et al. 1998; Loof and Heshmati 2001, 2002) . However, as in the knowledge sourcing models, we expect firms' innovation outputs to be positively related to government assistance (Link, Paton, and Siegel 2005) .
The final link in the innovation value chain is knowledge exploitation, i.e. the process by which enterprise performance is influenced by innovation (Geroski, Machin, and Van Reenen 1993) . At this point we envisage that firms' acquired knowledge has been codified into specific product or process innovations. It is therefore these variables, which represent the firms' new market offerings, that might drive enhanced business performance, and which provide the link between firms' knowledge sourcing activities and performance. The strength of this linkage, however, will depend on firms' ability to effectively implement their new products or processes and then appropriate the full market rent from their innovations. To model this effect we use an augmented production function including the innovation output measures on the right hand side. Firm characteristicsincluding capital intensity -are used to capture firms' ability to appropriate post-innovation returns. The augmented production function is expressed as:
Where BPERF it is an indicator of business performancehere labour productivity or value-added per employee, INNO it is a vector including innovation outputs measures for both process and product innovation, and X it is a set of enterprise specific variables that are hypothesized to affect productivity.
Data and methods
Our empirical analysis is based on data from two sources: the Irish Innovation Panel In the IIP firm's knowledge sourcing activities are represented by a series of binary variables denoting whether they had in-house R&D and whether they link to different types of partners as part of their innovation activity over the previous three years 7 . Across the panel, the most common form of knowledge sourcing was in-house R&D, being undertaken by 47.4 per cent of establishments (Table 2 ). In terms of firms' external knowledge sourcing activities the IIP like other innovation surveys suggests that linkages along the supply chain are most common as part of firms' innovation activity -backwards linkages (32.2 per cent) were most common followed by forwards linkages (25.7 per cent). Horizontal linkages (11.7 per cent) and links to public knowledge sources (17.3 per cent) were less common but still formed a potentially important part of the knowledge sourcing strategies of a significant proportion of enterprises.
Innovation in the IIP is represented by three main variables. First, the proportion of firms' total sales (at the end of each three year period) derived from products newly introduced during the previous three years. This variable --innovation success‖reflects not only firms' ability to introduce new products to the market but also their short-term commercial success. On average, 15.1 per cent of firms' sales were derived from new products across the IIP ( Table 2 ). The second innovation output measure is a binary indicator of product innovation which reflects the extent of product innovation within the target population. The third innovation output measure is a similar binary indicator of process innovation, an indication of the extent of process 6 The initial survey, undertaken between October 1994 and February 1995, related to plants' innovation activity over the 1991-93 period, and achieved a response rate of 38.2 per cent (Roper et al., 1996; Roper and Hewitt-Dundas, 1998 , Table A1 .3). The second survey was conducted between November 1996 and March 1997, covered plants' innovation activity during the 1994-96 period, and had a response rate of 32.9 per cent (Roper and Hewitt-Dundas, 1998) . The third survey covering the 1997-99, period was undertaken between October 1999 and January 2000 and achieved an overall response rate of 32.8 per cent (Roper and Anderson, 2000) . The fourth survey was undertaken between November 2002 and May 2003 and achieved an overall response rate of 34.1 per cent. The IIP5, conducted between January and June 2006, had an overall response rate of 28.7 per cent. 7 Variable definitions are included in Table A1 . Tables A2 and A3 report variable covariances. innovation within the target population 8 . Over the whole sample, 63.9 per cent of firms were product innovators while 58.2 per cent were process innovators (Table 2) .
Notably, however, the overlap between the group of product and process innovators was not complete: around 70.2 per cent of product innovators were also process innovators, with 75.3 per cent of process innovators also being product innovators.
Swiss innovation data provides information on manufacturing firms' innovation performance, innovation input, R&D cooperation, external knowledge sources, IPR, innovation obstacles, technological potential, and public innovation promotion over the period 1990 -2005 (triennial) . However the questionnaires in 1990 and 1993 were much less comprehensive than the later ones. The surveys are conducted based on a stratified random sample from the Swiss business census on firms with more than 5 employees (firm panel) covering the manufacturing, construction, and service sectors.
For the international comparison at hand we refer to firms with 10 or more employees.
Only data from the manufacturing sector and only data from the surveys 1996, 1999, 2002, and 2005 Looking at the three innovation output measures, we find that in the SIP the proportion of new (innovative) products on total sales averages around 13 per cent slightly under the 15 per cent in Irish firms (see Table 3 ) 10 . The second innovation indicator we use is the proportion of firms undertaking product innovations. In Switzerland, this share decreased from 72 per cent in 1996 to 55 per cent in 2005, an average of around 68 per cent compared to 63 per cent in Ireland (Table 3) In addition to firms' knowledge sourcing and innovation activities the IIP and SIP provide a range of indicators of the strength of firms' internal knowledge resources.
This include variables which might give a quantitative indication of the scale of firms' knowledge resourcese.g. plant size, finance constraintsas well as other factors which might suggest the quality of firms' in-house knowledge basee.g. multinationality, plant vintage, human resource quality and production type. Multinationality is included here to reflect the potential for intra-firm knowledge transfer between national markets and plants, while plant vintage is intended to reflect the potential for cumulative accumulation of knowledge capital by older establishments (Klette and Johansen 1998) , or plant life-cycle effects (Atkeson and Kehoe 2005) .
Since Griliches (1995) , literature on publicly funded R&D has suggested repeatedly, that government support for R&D and innovation can have positive benefits for firms' innovation activity both by boosting levels of investment and through its positive effect on organisational capabilities (Buiseret, Cameron, and Georgiou 1995) 11 .
Arguably, this is particularly important in Ireland and Northern Ireland, which during much of the period covered by the IIP enjoyed EU Objective 1 status which provided resources for substantial investments in developing innovation and R&D capability (Meehan 2000; O'Malley, Roper, and Hewitt-Dundas 2008) . Indeed, over the sample period we find nearly a third of Irish firms receiving support for innovation or investment, around four times as large a proportion as that in Switzerland (Table 2) .
Finally, to reflect potential differences in the operating environment between the Republic of Ireland and Northern Ireland we include a locational dummy which takes value 1 if a plant is located in Northern Ireland.
Two sets of econometric issues arise in the estimation of the innovation value chain model. These relate first to potential simultaneity between elements of the value chain and secondly to the choice of appropriate estimators for each value chain element. In the context of the survey data considered here, however, with a number of missing values and unbalanced panels estimation decisions also need to take into account potential efficiency losses where we allow for simultaneity. To estimate the simultaneous knowledge sourcing equations (1) where the dependent variables are binary indicators of firms' use of individual knowledge sources, for example, the most efficient approach would be multivariate probit. As Greene (2000) p. 616 notes, however, the efficiency gains from MVP are likely to be reduced where the anticipated determinants of each knowledge sourcing activity are similar and there is potential simultaneity between the knowledge sourcing activities. Other difficulties arise in the application of an MVP approach to our survey data. First, adopting a simultaneous estimation approach exacerbates the loss of observations due to missing data in our sample, offsetting any gains in statistical efficiency. Second, in practice, achieving convergence with an MVP estimator places some limits on the degree of simultaneity which it is possible to include (Roper 2006 ) . In our IVC estimates this is particularly undesirable because in the first stage of the IVC we are interested in the complementary or substitute relationship between knowledge sourcing activities.
Instead of using MVP we therefore prefer to adopt a simpler approach using five simple probit models, one for each knowledge sourcing activity. This approach, while sacrificing some statistical efficiency, provides substantial gains in terms of the number of observations used, and our ability to reflect more fully the relationship between knowledge sourcing activities.
The appropriate estimation method for the innovation production function depends primarily on the nature of the dependent variable. Binary indicators for product or process innovation again suggest simple probit models, while the percentage of sales derived from new products has both upper and lower bounds and suggests Tobit. A potential issue at this stage of the innovation value chain, however, is selectivity bias (e.g. Lööf and Heshmati, 2002) . In the innovation production function this may arise from two main sources. First, the group of innovating firms may be self-selecting in some sense inducing a bias between the expected values of the parameters of the estimated innovation production function and the data generating mechanism for the population as a whole. Or, due to sample design, non-response, or survey methodology, the selected sample may be atypical in some way of the underlying population. Elsewhere (i.e. Love et al., 2006) , we have explored the potential importance of such selection bias in the innovation decision using the IIP with largely reassuring results, suggesting little evidence of any significant selection bias in the innovation decision, perhaps due to the broadly-based and nationally representative sampling approach used in our survey data and the particular questioning approach adopted 12 . For the Swiss data a short survey of a random sample of the nonrespondents showed that there is no discernible selection bias. In the estimation of equation (2) reported here we therefore base our analysis on standard econometric approaches, although for comparison we also report additional estimates of equation (2) for innovation success based on the sample of product innovators only (i.e. excluding the lower limit value) 13 .
Two main econometric issues arise in operationalising the augmented production function (equation 3)heterogeneity in performance outcomes and potential endogeneity of the innovation output measures. In terms of heterogeneity, it is clear that very large variations can exist in business performance even in narrowly defined industries 14 . In practice this proves to be more of an issue in the IIP than our Swiss data, and to counter any bias introduced by potential outliers we therefore exclude a small proportion of extreme values in the Irish productivity equations. The potential endogeneity of innovation output measures in models of business performance has been discussed extensively in the literature, and a range of potential approaches have been adopted including two-stage estimation methods (e.g. Crépon et al, 1998) and
the simultaneous estimation of the innovation and augmented production functions (e.g. Lööf and Heshmati, 2002) . Here, we report two alternative estimations of the augmented production functions first including the innovation output terms directly on the RHS, and secondly a two-stage procedure in which these are replaced by the fitted values from the relevant innovation production functions (i.e. equation 2).
Happily the results from the two different estimation approaches are broadly similar.
Empirical Results
The initial link in the innovation value chain is firms' knowledge sourcing activity.
Panel data probit models (with random effects) for each of the knowledge sourcing activities are reported in Table 3 (Table 3) . 13 Another potential issue is multi-collinearity between the knowledge sourcing variables themselves and other elements of the innovation production function (compare equations (1) and (2), for example).
In practice, however, we find something of an empirical separation between the two models with different factors determining firms' knowledge sourcing and knowledge transformation (compare Tables 3 and 4 ). In practice this should minimise any multi-collinearity issues. 14 See Caves(1998) for a survey and on innovation behaviour see Lööf and Heshmati (2002) .
In terms of the relationship between knowledge sourcing activities, these are almost universally complementary in both countries (Table 3) . For Switzerland we see strong and significant and positive associations between in-plant R&D and forward knowledge sourcing and between in-plant R&D and public knowledge sourcing (also in accordance to Woerter 2008) . In Ireland, we see similar significant positive associations but also find a significant positive association between in-plant R&D and backwards knowledge sourcing. This complementarity between internal knowledge generation (i.e. in-plant R&D) and external knowledge sourcing is consistent with the results of Cassiman and Veugelers (2002) 1996) . We also find strong evidence of complementarity between different external knowledge sourcing activities for both Switzerland and Ireland with forwards and backward knowledge sourcing and backward and public knowledge sourcing being particularly strongly linked (Table 3) . One possible explanation is that enterprises are obtaining economies of scope as they learn to manage external relationships effectively and so benefit more from extending the range of their external knowledge sourcing activities.
In terms of the other determinants of knowledge sourcing our results suggestcontrary to expectations -that the probability of external knowledge sourcing is positively related to firms' internal knowledge resources (Schmidt, 2005) . For example, for Ireland we find for in-house R&D as well as for public sourcing, for
Switzerland only for in-house R&D a non-linear (inverted ‗U') shape relationship between each knowledge sourcing activity and plant size which we interpret as an indicator of the likely scale of firms' internal knowledge resources (Table 3) . Skill levelsmeasured by the proportion of the workforce with a degree level qualification are also positively related to knowledge sourcing in both countries, suggesting a link between the quality of firms' in-house knowledge resources and external knowledge sourcing ( Table 3 ). The strongest skill effects are evident in terms of in-plant R&D and public knowledge sourcing which includes that from universities. The latter effect, in particular, may reflect the personal networks of firms' graduate employees (Santoro and Bierly 2006; Perkmann and Walsh 2007) . As we anticipate that public support for R&D and innovation is also resource augmenting in some sense it is not surprising that this too has positive effects on knowledge sourcing in both countries, increasing the probability of in-house R&D and also collaboration with public knowledge sources.
More significant differences were observed between the impact of financial and legal constraints on knowledge sourcing behaviours in the two countries. In Switzerland, financial constraints were having no effect on firms' in-plant R&D (also in accordance to the findings in Arvanitis 2008) but were increasing the probability that firms were engaging in forwards or horizontal knowledge sourcing. One potential interpretation is that Swiss firms were reacting to this financial pressure by trying to reduce the financial risk of innovation, either by risk sharing through innovation partnerships (horizontal links), or by ensuring that their innovations met customer needs (forward links) (Irwin 1996) . In Ireland, firms' response to financial constraints on innovation seems less complex with financial constraints associated instead with less likelihood that firms were undertaking in-plant R&D. Legislative or regulatory constraints also had different influences on knowledge sourcing in the two countries.
In Switzerland, legislative constraints were associated with a lower probability of inhouse R&D but increased probabilities of all other knowledge sourcing activities (Table 3 ). In Ireland, legislative barriers were generally having a weaker effect on external knowledge sourcing but were associated with an increased probability that a firm would be undertaking in-house R&D. This contrast suggests that firms in the two countries were adopting different strategies for coping with regulatory restrictions on their innovation activity, although both involved additional knowledge sourcing. In Ireland, firms were adopting a more self-sufficient approach with an increased probability of in-plant R&D; in Switzerland more collaborative responses are evident with increases in external knowledge sourcing.
Whether or not a plant was externally owned was also having a different effect on knowledge sourcing in two countries. In Switzerland, externally-owned firms had essentially similar profiles of knowledge sourcing activity to Swiss-owned firms although they were more likely to be engaged in horizontal innovation partnerships. In Ireland, differences between knowledge sourcing by externally-owned and locallyowned firms are more extensive with externally-owned firms: less likely to be engaging in in-house R&D, but more likely to be engaging in backwards or public knowledge sourcing. This reflects earlier discussion of the differences between externally-owned and indigenously-owned firms in Ireland with the former generally thought to have higher levels of technological capability (Wrynn 1997; Hewitt-Dundas et al. 2002) . Differences in the impact of external ownership on patterns of knowledge sourcing in the two countries may also reflect differences in the nature of inward investment: partner seeking in Switzerland and resource or market seeking in Ireland (Driffield 2005) .
In summary, we find that knowledge sourcing in both Ireland and Switzerland is marked by strong complementarities, perhaps suggesting economies of scope in the management of firms' external relationships. We also find strong similarities in the effect of indicators of firms' knowledge resources on knowledge sourcing: in both economies firms with stronger internal knowledge resources seem more likely also be engaging in external knowledge sourcing. We therefore find little evidence for the type of substitution of external for internal knowledge suggested by the resource based view. Rather our results are suggestive of a Schumpeter Mark 2 model with firms with strong pre-existing knowledge resources most active in seeking to reinforce those advantages.
The second link in the innovation value chain is the transformation of knowledge into product and process innovation represented by the innovation production function (equation 2). Here, we are interested in the contribution of each knowledge source to innovation as well the effect of factors contributing to the efficiency of enterprises' knowledge transformation activity. Estimates of the innovation production functions for the three innovation output measures, and for the two countries, are reported in Table 4 . The final column in Table 4 reports sub-sample estimates for enterprises with non-zero innovation success.
Knowledge sourcing of different types has, as expected, a generally positive and significant impact on innovation. In-plant R&D, for example, has a strongly positive and significant effect on the probability of undertaking both product and process innovation in each country as well as on the proportion of sales from innovative firms.
Interestingly, however, in Ireland in-plant R&D has a weak negative effect on innovation intensity where the model is estimated only for the sub-sample of innovative firms. The suggestion is that R&D is having somewhat different innovation effects in the two countries: in Ireland, in plant R&D is boosting the likelihood of enterprises engaging in product innovation, but having little impact on the market success of that innovation activity; in Switzerland R&D is having positive effects both on the probability that firms will engage in innovation but also in the market success of that innovation activity. This, perhaps, reflects the point made earlier about the greater tendency for Swiss firms to engage customers in their innovation attempts.
As expected, forward knowledge sourcing has significant positive influence on both the probability of undertaking product innovation as well as innovation success in both countries. In both countries forward knowledge sourcing also has only a marginally significant and positive effect on the probability of process innovation perhaps reflecting the stronger impact of customer-led innovation on product rather than process change (Karkkainen, Phiippo, and Tuominen 2001) (Table 4 ). Reflecting their differential importance in the population of Irish and Swiss firms ( Table 2) (Table 4 ). As with in-house R&D, however, these effects are only important for the probability of innovation and prove less important for the success of innovation in the sub-sample estimation (Table 4) . Finally, unlike the other knowledge sources, we find no evidence in either country that links to public knowledge sources (i.e. universities, public and industry-owned laboratories) have any positive impact on either the probability of process or product innovation, or the proportion of sales derived from innovative products (Table 4 ). In Switzerland, the effects of public knowledge sourcing is insignificant, a result consistent with the idea that innovations developed in university collaborations may take longer to come to fruition than those developed with commercial partners. The negative and significant effects from public knowledge sourcing in Ireland, however, are more difficult to explain (Jordan and O'Leary 2007) .
These direct effects from knowledge sourcing are not the whole story because, in addition to their direct effects on innovation, firms' knowledge sourcing activities may also be having an indirect effect through their complementarity with other knowledge sourcing activities (Table 3 ). In house R&D, for example, is having a positive and significant direct effect on innovation (Table 4 ). However, it is also having a positive indirect effect on innovation through its complementary effect on the probability that firms will engage in forward knowledge sourcing (Table 3) . This indirect effect is an ‗absorptive capacity' effect of the sort envisaged by Cohen and Levinthal (1989, 1990) and Zahra and George (2002) . Even where the direct effects of knowledge sourcing activities on innovation are negative, as in the case of public knowledge sourcing in Ireland, their overall effect may still be positive due to the balance between ‗direct' and ‗absorptive capacity' effects.
Aside from the knowledge sourcing variables we see marked similarities between the sign patterns and significance of other key variables across the Swiss and Irish innovation production function estimates. Both suggest the anticipated positive relationship between the strength of firms' internal knowledge resources and, ceteris paribus, their level of innovation. Establishment size, for example, generates a significant inverted ‗U' function for both countries for the probability of product and process innovation although, reflecting the findings of other studies, there is little clear relationship between plant size and the proportion of sales derived from innovative products. This suggests that the scale of firms' internal knowledge resources is positively linked to the probability of innovation at least. Also, in both countries we see a clear positive relationship between skill levels and both the probability and market success of product innovation. Less intuitive perhaps is the common result that graduate skill levels are negatively, and significantly, related to process change in both countries. 15 As in terms of knowledge sourcing, we see no difference between the innovation activities of externally-owned and locally-owned firms in Switzerland (Table 4 ). In
Ireland, however, we again see more marked differentials in the full-sample estimates:
externally-owned firms in Ireland are significantly more likely to be undertaking product and process innovation, and also to have a higher proportion of sales derived from innovative products (Table 4 ). Focussing on innovative plants alone, however, suggests no significant difference between the innovation success of innovating Irish plants and innovating externally-owned plants. Plant vintage effects are also similar between the two areas with older firms equally likely to be undertaking product and process innovation but having significantly lower proportions of sales derived from innovative products in both countries. This is consistent with a life-cycle model of plant development which envisages declining levels of innovation and increasing product maturity as plants age (Atkeson and Kehoe 2005) . 15 At least for Switzerland some evidence was found that multi-collinearity between the variable for inhouse R&D and the variable for graduate skill levels could be responsible for this negative effect. An estimate of the process innovation equation without the variable for in-house R&D showed a positive but statistically insignificant effect for graduate skill levels.
Financial and regulatory constraints also have very similar effects on innovation outcomes in the two countries. In Switzerland, shortage of finance has a negative effect on the probability of product innovation only, while in Ireland its primary negative effect is on the probability of process change. Legislative effects are more mixed, having negative but insignificant effects on the probability of product innovation in both countries but having significant positive effects on both Swiss and Irish firms' innovation success (Table 4 ). The implication is that legislation or regulatory barriers may reduce the probability that firms becoming innovators but may create new opportunities for those firms which are already innovative.
Government support for R&D and innovation also proves important in both countries increasing the probability of undertaking innovation in both areas and also the proportion of sales from innovative products in Ireland. This may reflect the efficacy of Irish innovation policy but may also capture the significantly larger proportion of Irish firms which received support for innovation during the study period. Some care is necessary in interpreting the policy implications of this result (Greene, 1997, p. 982) . In particular, the coefficients on the policy supporttreatment termsreflect the combination of ‗assistance' and ‗selection' effects 16 .
To summarize, our innovation production functions worked out largely as anticipated, and with a rather surprising degree of similarity between the two countries in terms of the positive role of knowledge sourcing and firms' internal knowledge resources in shaping innovation. Two interesting divergences occur, however. First, the profile of external knowledge sourcing effects on innovation is different in each country with the strongest impacts coming from forward knowledge sourcing in Switzerland but backwards knowledge sourcing being more important in Ireland. Also, only in Ireland do we find a negative public knowledge sourcing effect. Second, in Switzerland we see little divergence in the innovation behaviours of locally and externally-owned firms. This differs markedly from Ireland where externally-owned firms are more likely to be both product and process innovators.
The final element of the innovation value chain relates (log) value added per employee to product innovation, innovation success and process innovation. Two 16 Separately identifying the selection and assistance effects requires a different estimation approach to that adopted here. See Maddala (1983) pp. 257-290 for a general discussion of the issue and Roper and Hewitt-Dundas (2001) for an application. different forms of the augmented production are considered here. The first relates log value added directly to the innovation output indicators (Table 5 ) and, in order to reduce any impact from the endogeneity of the innovation indicators, Table 6 relates log value added to the fitted values of the innovation production functions reported in Table 4 .
In the Swiss production functions the indicators for product (process) innovation and innovation success are positive (negative) but insignificant when included either in their natural forms (Table 5 ) or as fitted values ( Table 6 ). The Irish results are uniformly less satisfactory than those for Switzerland with the innovation indicators taking uniformly negative signs in the production functions and largely being insignificant. The only significant coefficient however is that on the percentage of innovative products in the directly estimated models ( In terms of our initial assertion these results provide little evidence for our hypothesis that innovation should be of greater importance for productivity in Ireland rather than Switzerland. Instead, other aspects of the production capability of firms prove much more important with plants which have higher capital intensity and skill endowments being significantly more productive. In both countries productivity also has an inverted ‗U' shaped relationship to plant size and is higher in older plants. Notably too, externally-owned firms in both countries are significantly more productive than indigenously owned firms.
Conclusions
Over the last decade the economies of Ireland and Switzerland have grown at radically different rates as innovation has declined in Switzerland and remained broadly stable in Ireland. This raises the question of the contribution of innovation to explaining productivity in each country. Here we use the notion of the innovation value chain to explore the determinants of innovation in the two countries and its subsequent contribution to innovation at the firm level. The evidence suggests marked similarities between the determinants of innovation in the two countries but is perhaps less convincing in explaining productivity differences in the two economies. In particular, we find strong evidence for the importance of supply-side and capability influences in determining innovation outputs alongside firms' use of external knowledge sources. Firms' responses to regulatory and financial pressures do differ, however.
In the first link in the IVC we find strong complementarities in between firms' knowledge sourcing activities in both countries, perhaps suggesting economies of scope in the management of firms' external relationships. We also find strong complementarities between firms' internal knowledge resources and their engagement with external knowledge sources for innovation. This tends to contradict the type of substitution of external for internal knowledge which would be suggested by the resource-based view. Instead, our results are suggestive of a Schumpeter Mark 2 model with firms with strong pre-existing knowledge resources most active in seeking to reinforce those advantages.
The second link in the IVC relates to the translation of knowledge into codified innovations in product and process. Here, we find considerable similarity between the two countries in terms of the positive role of knowledge sourcing and the importance of firms' internal knowledge resources in shaping innovation. In terms of the types of external linkages which contribute to innovation, however, we see some differences between Irish and Swiss firms. In Switzerland, forward linkages prove important, while backwards linkages prove more important in Ireland. Also, only in Ireland do we find a significantly negative public knowledge sourcing effect. Ownership effects also work differently in the two countries in terms of innovation outputs suggesting stronger distinctions between locally and externally-owned firms in Ireland than in Switzerland in terms of firms' knowledge transformation capability.
The final element of the IVC relates to the impact of innovation on productivity. Here we find no evidence of significant innovation-productivity linkages for both countries.
Instead, productivity seems to be much more strongly influenced by other aspects of firms' production capability such as capital intensity and skill endowments. Other aspects of Irish firm performancemost notably employment and sales growthhave, however, been shown elsewhere to be positively related to innovation outputs (Roper, Love, and Du 2008) .
Our analysis emphasises a number of empirical regularities in firms' knowledge sourcing and innovation activities; the complementarity between internal and external knowledge resources; the positive contribution of external knowledge to innovation; the inverted ‗U' shape relationship between innovation and firm size; and, the positive effects on innovation of plant vintage, skill levels and government assistance. Other environmental factors such as legislation and regulatory factors seem to generate different innovation responses in the two countries, and provide an interesting focus for future research. Ownership effects also differ, with more marked discrepancies evident between the knowledge transformation capabilities of externally and locallyowned firms in Ireland than in Switzerland. 
Innovation
Product innovation (0/1) A binary variable taking value 1 if the firm introduced any new or improved product during the previous three years.
Process innovation (0/1) A binary variable taking value 1 if the firm introduced any new or improved product during the previous three years.
Innovative products (% sales)
An indicator representing the percentage of firms' sales at the time of the survey accounted for by products which had been newly introduced or improved over the previous three years.
Productivity
Value Added per employee Value added is defined as sales less the cost of materials, expenditure on plant machinery and other fixed assets and expenditure on buildings. Both this measure and employment are taken in the year of the survey.
Other factors Plant vintage
The age of the firm (in years) at the time of the survey.
Externally owned A binary indicator taking value one if the firm was owned outside Ireland or Switzerland at the time of the survey.
Lack innovation finance A binary indicator taking value 1 if a firm reported that a lack of innovation finance was either a ‗fairly important' or ‗very important' barrier to innovation. Face regulatory barriers A binary indicator taking value 1 if a firm reported that regulatory barriers were either a ‗fairly important' or ‗very important' barrier to innovation.
Government support
Govt support for innovation A binary indicator taking value one if the firm had received government support for R&D or innovation over the previous three years. Govt support for investment A binary indicator taking value one if the firm had received government support for its investment activities over the previous three years. Govt support for training etc.
A binary indicator taking value one if the firm had received government support for its training activities over the previous three years. 
